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Pharmaceutical excipients useful in dry powder inhalents comprise particles having a rugosity (measured by air permeame- 
try) of less than 1.75. The use of these carriers increases the amount of drug injested by the patient using a dry powder inhaler. 
The preferred excipients are crystalline sugars such as lactose which may conveniently be prepared by controlled crystallisation 
from an aqueous medium. 
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has been limited by difficulty : 1n;?vroak1ng .* 
'^pro^Va^^dbsages aval 1 abl e to the lungs . The del 1 yeryj systems : 
cur re n t fy^av a 1 i ab 1 e x are nebul 1 sers ,- pressuri sed v metered fedpsej 
Inhaler s-- and Ydry powder Inhalers. Nebullsers are {relatively 
4^v V, effective but they are expensive and bulky and as a result are 
mainly used in hospitals. Pressurised metered dose Inhalers 
15 require good co-ordination of actuation and Inhalation which 
presents difficulties to many patients. They also require the 
use of propel lants which may be undesirable on environmental 
grounds. 

A variety of dry powder Inhalers have been developed. All of 
20 them rely upon the inspiratory effort of the patient to produce 
finely divided drug particles which are available to the lungs. 
Also there have been various proposals for dry powder 
formulations suitable for use In these Inhalers 1n order to 
Improve the efficacy of the treatment. For example International 
25 Patent Application WO 87/05213 describes a carrier which 
comprises mi crogranul es of a conglomerate of one or more solid 
water soluble diluents with a lubricant such as magnesium 
stearate. In practice another difficulty is caused by the 
tendency of the drug particles which are necessarily of a 
30 relatively small size to agglomerate either with themselves or 
more usually with particles of the carrier materials with which 
they are admixed. The difficulties Inherent In redlsperslon of 
these agglomerates means that only a small proportion of the 
drug, *ay be as little as 5X 1s actually injested via the lungs. 
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measured by air permeametry has been found to be at J east.H • 96 
and ^ generally greater than 2.0. The carrier /'^^^Z^y^ 
crystalline non toxic material which is acceptable for ; use In 
pharmaceutical compositions which does not destabilise the 
20 pharmaceutical ly active materials with which It Is formulated and 
which can be produced In a form having a rugosity of less than 
1.75. The preferred carriers are those which are known to be 
useful In dry powder Inhaler compositions especially the 
mono-saccharldes such as lactose, mannltol, arablnose, xylltoT 
25 and dextrose and their monohydrates , dl ssacharldes such as 
maltose or sucrose and polyseccharldes such as starches, dextrlns 
or dextrans. 

Preferably the carrier comprises a particulate crystalline 
sugar such as glucose, fructose, mannitol, sucrose and most 
30 preferably lactose. 

The average size of the particles of the carrier 1s 
preferably In the range 5 to 1000 pm and more preferably In the 
range 30 to 250 pm and most preferably 50 to 100 pm. Typically 
at least 951 of the particles will be of a size which falls 
35 within this range, although the presence of significant 
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■ ; / form si owl y^ are preferred whilst those which result in rapid ^ ' 
? c7ys^ ngly 1 ess "preferred . ;The Tutl 1 1 ty} 

bf an^ crystal 1 1 satlon process must be evaluated/; - 

^mplric^ Is ^withlrT the \ skill of the art ito^ mod\fy^S^ : 

-pi unsatlsfa^to^ v procedures In order to produce the desired 
v cry s tal 1 1 ne form of the novel exciplents. 
15 ProcesseT 1n which a sugar is precipitated from saturated 

aqueous solution by the addition of at least an equal volume of a 
water Immiscible organic solvent and a quantity of a solvent 
which 1s mlsclble with both water and the aforesaid organic 
solvent which Is at least 5X by volume of the total volume of the 
20 aqueous solution and the organic solvent constitute another 
aspect of this Invention. The novel precipitation process may be 
conveniently carried out by mixing the solution and the solvents 
at ambient temperature and maintaining them at that temperature 
with thorough mixing until sugar crystals are formed. 
25 Seeding of the saturated solution may be advantageous insofar 

as It may reduce the time required for crystal formation. 

The size and morphology of the particulate material may be 
varied by controlling the conditions under which crystallisation 
and crystal growth occurs. In particular, the choice of the 
30 organic water immiscible solvent and the miscible solvent may 
exert a considerable influence. Examples of water immiscible 
solvents which may usefully be employed include hexane, 
chloroform cyclohexane, and toluene. Examples of miscible 
solvents include acetone, alcohols and acetonltrlle The 
35 requirement that the miscible solvent Is at least partially 
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f 1 1 tration and are usual ly washed/ e.g. >1 th the mlsclblej^ 

to renove;::ex^ss ^mother Iquor prior to drying.. The ^P^j^ 
may be subject to further washes, e.g. with ethanol and ethahol/ • • 

water mixtures to Improve the purity. These washes also serve -to 
reduce the quantities of very fine particles present 1n the 
product which may be preferable. 

The form and size of the crystals may be determined by 
optical and/or scanning electron mlscroscopy. The rugosity of 
the particles may be determined by air permeametry which relates 
the volumetric flow rate (Q) of air through a packed bed of 
powder compressed to a known porosity to the Internal surface 
area So of the powder. The rugosity can then be expressed as the 
ratio So/Sd where Sd 1s the theoretical surface area (assuming 
the particles to be spherical). In practice the smoothness of 
the particles may be readily apparent under the scanning electron 
microscope and this may render the determination of their 
rugosity superfluous. Preferably the particles will have a 
rugosity of no more than 1.5 and most preferably no more than 1.3. 

The novel carrier materials are preferably used directly as 
the sole excipient in dry powder Inhalents. However, they may be 
used in admixture with other exdplents although, 1n general, it 
is preferred that the excipient comprises at least 801 and 
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^parti cl es * shoul d^have/a:^ize : w1 thi n these preferred 

.ranges 

The amount of pharmacological agent incorporated into the 
Inhalent composition will generally be from 0,1 to 501 by weight 
of the composition. The amount will vary with the desired dosage 
of any particular agent. However, the novel compositions have 
the advantage that a higher proportion of the pharmacological 
agent Is available to the lower part of the respiratory tract and 
hence the proportion of any particular agent may be reduced, to 
one half or even one quarter by. weight of the composition 
compared to a conventional formulation. This Increased 
availability of the active agent also enables agents to be 
administered by oral Inhalation which would not previously have 
been administered by this route. Thus, agents other than those 
conventionally employed to treat ailments of the respiratory 
tract may be administered by this means. 

Examples of pharmacological agents which have been 
administered by oral inhalation Include agents with an 
anti-hi stamine and anti-allergic action such as sodium 
cromoglycate and ketotifen, p-agonists, ant i-chol i nergi es such as 
ipratropium bromide, oxytropium bromide and thiazlnamide 
chloride, sympathomimetic amines such as terbutaline, salbutamol, 
clenbuterol. pirbuterol, reproterol , procaterol and f enoterol , 
steroids especially corticosteroids such as beclamethasone 
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; hypog 1 y caemlx^agen t s 
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amount of any ifsiich Xbronchodi lator ^lll^ normal 
dosage conventional ly employed in its application by Inhalation 
and will preferably*- be less than is Conventional ly employed^ 
Examples of useful bronchodi lators include isoprenaline/ 
rimiterol, ephedrine, ibuterol, ^soetharine, f enoterol t 
carbuterol f cllnbuterol, hexaprenal ine, salmlfamol, soterenol » 
trimetoquinol , ordprenal ine, terbutallne and salbutamol or a 
pharmaceutical ly acceptable salt thereof. 
20 The Invention finds particular application 1n the 

administration of agents which cannot be conveniently 
administered by other routes. A particular example are peptides 
such as Insulin and growth hormones, ACTH and LHRH analogues. 

In addition to the novel carrier and the pharmacologically 
25 active agent or agents the compositions of this Invention may 
contain other ingredients such as colouring matter of flavouring 
agents such as those which are conventionally Incorporated into 
dry powder Inhalant compositions. Preferably such Ingredients 
are present in only minor quantities, e.g. less than 10X and more 
30 preferably less than 5X by weight of the composition. Such 
materials will also preferably comprise particles of size 
comparable with that of the carrier, e.g. 30 to 150 microns. 

The compositions may be formulated by dry mixing the active 
agent and the exclplent. The composition may conveniently be 
35 encapsulated, e.g. In a hard gelatin capsule suitable for use 1n 
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Example"! ; " '. ; :: ■-; ^ : . 

Sal butambl sulphate BP was mlcronlsed using an air jet mill 
(Fryma jet mill JM 80) at a pressure of 7.5 bar and a feed rate 
of 5g/m1n. The particle size distribution was determined 
microscopically by measuring the diameter of 500 particles. 

Lactose (lactochem Pharmaceuticals), 1n a size range of 63-90 
pm was obtained by sieving (Alpine air jet sieve). 

Recrystallised lactose was obtained by crystallisation of the 
original lactose in a partially mlscible mixture of water, hexane 
and acetone. 

Lactose was dissolved In water (2 to 1) In a beaker at 80C. 
The solution was cooled to room temperature. 75 ml of hexane 
(Reagent grade) was added to 50ml of the saturated solution and 
agitated at 500 rpm with a paddle type agitator with four blades, 
acetone (10ml) (Reagent grade) was then added. The mixture was 
stirred for 8-12 h. during which time lactose crystals formed. 
These were washed with acetone, absolute ethanol . 607. ethanol In 
water and absolute ethanol respectively and dried. 

The particle size of the recrystallised lactose was 
determined with the optical microscope and was found to be in the 
range of 60-90 pm. The examination of the carrier surface was by 
scanning electron microscopy. The rugosity of the lactose before 
and after crystallisation was determined by compressing a mass of 
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a spatula Vfelhe homogeneity of the mixtures was verified by the 
assay of ten?30mg samples. The coeff iclent of variation of the 
sample content ranged between 1.1-3.0 for the mixtures studied. 
27.4 mg + K4 mg of the mixtures containing 400 pg of salbutamol 
sulphate was filled Into hard gelatin capsules (size 3). 
Simulation of pat ient use 

A diagram of the apparatus 1s shown In Fig. 1. A powder 
Inhaler device (1) (Rotahaler, Allen & Hanbury's Ltd.) containing 
an encapsulated dose was assembled 1n a line conducting dried 
filtered air at up to 200 1/mln. On actuation, the powder was 
blown Into a vertical dlffuser (2) 550 mm In length with 2 mm and 
70 mm Inlet and outlet diameters respectively. Sharp edged 
conical probes (3) with diameters calculated to give Isokinetic 
sampling were placed at midstream of the dlffuser. Air was drawn 
at 28.3 1/min through a sampler (4) (Anderson 1 CFM Ambient) 
which comprises a preseparator stage that collects particles with 
an aerodynamic diameter larger than 10 pm, and seven separation 
stages. Stages 0 to 2 have approximate cut-off diameters of 
5.5-10 pm and stages 3 to 7 collect particles less than 5.5. pm. 
A final filter trapped particles less than 0.4 pm. 

Experiments were conducted at air flow rates 
1/min, each using 10 capsules. After deposition, 
device with the capsules, the preseparator. stages 
35 3 to 7 and the filter of the impactor were separately rinsed with 
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Regular lactose 


Recrystal Used lactose 


Device 


19.7 


23.8 


Preseparator 


57.9 


33.6 


Stages 0-2 


2.8 


0.6 


Stages 3-7 


19.6 


42.0 


At air flow rate of 1501/min 




Regular lactose 


Recrystal 1 lsed lactose 


Devi ce 


15.2 


24.4 


Preseparator 


76.8 


51 .5 


Stages 0-2 


2.6 


2.6 


Stages 3-7 


5.4 


22.0 
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;3 : ^;cifr\ er ' accord 1 ;r to^Ta1m|||ch^ 
crystal 1 Ine ? sugar Is sel ected|f r^|heJgroup ' cp^i^j^ 
f ructose^-mannl tol .sucrose and H ^<^ii!^%^Q^y' ^ ■. 

4. A carrier according to iC* 
crystal! 1 ne sugar. 1 s 1 actoseV, 

5. A carrier according to any; 

that the particles have an "aye rage r particle size of 'fffbm 30/ to 

250 microns.' '' ~ : ' ■ ■■■:-'-^r^.:.r,y.^ . • 

6. A carrier according to any of the preceding claims 
characterised In that the particles have a rugosity of not more 
than 1.5. 

7. A dry powder Inhalent composition which comprises a exclplent 
In admixture with at least one pharmacological agent which Is 
characterised In that the exclplent comprises a particulate 
carrier according to any of Claims 1 to 6. 

8. A composition according to Claim 7 characterised In that the 
exclplent comprises at least 80X by weight of a particulate 
carrier according to any of Claims 1 to 6. 

9. A composition according to Claim 8 characterised In that the 
exclplent consists essentially of a particulate carrier according 
to any of Claims 1 to 6. 

10. A composition according to any of Claims 7 to 9 characterised 
In that it comprises from 0.1 to 501 by weight of a 
pharmacological agent. 

11. A composition according to any of Claims 6 to 10 
characterised in that the pharmacological agent 1s a particulate 
solid having an average particle size of from 0.1 to 10.0 microns. 
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:^;^:,]7 0A ^ process. for;3^the^ : production of a particulate ■ ^car rl er^j|^^^r^^ v ^ 
15 : according to any of Claims 1 to 6 which compri ses precipi tating '. • i ;"' v '- ? - : - / 
the carrier from a saturated aqueous solution by the addition of 
at least an equal volume of a water immiscible organic solvent 
and a quantity of a solvent which 1s mlscible with water and with 
the water immiscible solvent which Is at least 5X by volume of 
20 the volume of the aqueous solution. 

18. A process according to Claim 16 characterised in that the 
water immiscible solvent is selected from the group comprising 
hexane, chloroform cyclohexane and toluene. 

19. A process according to either of Claims 17 or 18 
25 characterised in that the water misdble solvent Is selected from 

the group comprising acetone; ethanol propanol or butanol and 
acetonl trl le. 

20. An encapsulated dry powder inhalent composition according to 
any of claims 7 to 14. 

30 21. A dry powder inhaler characterised in that it contains a dry 
powder inhalent composition according to any of claims 7 to 14 or 
20. 

22. A carrier according to Claim 1 substantially as hereinbefore 
described with reference to the foregoing examples. 
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